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INFLUENCE OF POROSITY ON THE MECRANlCAL PROPEXTIES OF 
METAL C-C COPPEX AND CU-A1 ALJ;oY 

ABSTRACT 

The hardness and compressive strength of copper and Cu-A1 

a l loy prepwed by powder metallurgical methods are invest i -  

gated as a function by the i r  porosity. It i s  shown t h a t  the 

mechanical properties depend l inear ly  on the porosity i n  

materials with a low pore density. 

/34 

1. The ef fec t  of porosity on the mechanical a t t r ibu tes  of metal ceramics 

and alloys has been investigated theoret ical ly  and experimentally i n  quite a 

large number of papers ( refs .  1 t o  10). 

The implication of the equations given i n  references 1 and 2 i s  t h a t  cast  

msterials are superior i n  t h e i r  strength character is t ics  t o  metal ceramic mater- 

i a l s  of the same composition, unless the porosity of the l a t t e r  i s  reduced t o  

zero. This being the case, the porosity dependence of the mechanical properties 

would have t o  be a single-valued relation: the greater the porosity; the lower 

the quality. 

It follows From reference 6, however, t h a t  the case can a r i se  i n  which the 

mechanical properties w i l l  be enhanced with an increase in the pore content, 

within a def ini te  interval.  Such a dependence was i n  f ac t  observed i n  reference 

3, wherein pure platinum, prepared by s inter ing and hammering a t  various temper- 

atures,  was subjected t o  tes t ing ,  and i n  reference 5, i n  which metal ceramic 

copper obtained by various methods was tes ted fo r  hardness and compressive 

strength. 

Numbers i n  the margin indicate pagination i n  the or ig ina l  foreign text .  



The enhancement, observed i n  references 3 and 5, of the mechanical proper- 

t i e s  of a material containing a certain number of pores, re la t ive  t o  the cast  

material, may be at t r ibuted t o  two factors. 

F i r s t ,  due t o  the pecul iar i t ies  of the method of preparation, sintered 

materials generally have a fm  more fine-grained structure than cast  materials 

( refs .  4 and 10) 

s t ruc tura l  factor can prevail  over the diminution i n  mechanical properties 

caused by the presence of the pores themselves ( ref .  11). 

Consequently, with a small pore content, the influence of the 

-6 Second, very small pores wi th  l inear  dimensions on the order of 10 cm 

must in te rac t  with dislocations, tending t o  hold them i n  check (ref .  8 ) ,  and 

thus strengthening the material. So fa r ,  no one has obtained d i rec t  experimental 

evidence as t o  the existence of such a strengthening process. Nevertheless, i f  

it i s  possible i n  principle, it should be expected i n  those s i tuat ions when the 

material i s  not subjected t o  too high temperatures during preparation, which 

would tend t o  dissolve and coalesce the pores. In reference 3, which was pub- 

l ished much ea r l i e r  than reference 8, the authors arrived a t  the conclusion t h a t  

the reason fo r  the enhnaced strength of powder platinum may be highly disperse 

pores . 
The anomalous nonmonotonic dependence of the hardness and compressive 

strength of metal ceramic copper on i t s  porosity, as observed i n  particular i n  

reference 5, may be the r e su l t  of fa i lure  t o  regard the structure of the material. 

I f  one were t o  use a technology tha t  would provide different  porosit ies i n  the 

specimens but approximately ident ical  structure with respect t o  grain size,  it 

could be anticipated t h a t  the porosity dependence of the mechanical character- 

i s t i c s  would be more single-valued, even with a small content of pores. 
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Only meager experimental data have been published on the influence of a 

small porosity on mechanical characterist ics,  and it i s  impossible t o  draw any 

def in i te  conclusions on t h e i r  basis ,  With t h i s  i n  mind, the present paper i s  

devoted t o  the investigation of the effect  of a r e l a t ive ly  low porosity on the 

hardness and compressive strength o f  sintered copper and Cu-A1 alloy. 

2. Metal ceramic copper specimens containing varying quantit ies of pores 

were prepared by repeated pressing and subsequent s inter ing (ref .  11). 

advantage of t h i s  method over the usual procedure of varying the s inter ing time 

a t  high temperatures f o r  the purpose of obtaining a fixed porosity i s  tha t  the 

lower s in te r ing  temperature permits essent ia l ly  any desired structure t o  be i m -  

parted t o  the material. By specifying the required compressive pressure, as 

well as  the number of pressings, the pore content can be varied over a broad 

interval .  

The 

- !'or copper, we used the following s inter ing temperatures: 250, 400, 500, 

700, and 850Oc. 

followed by hot pressing a t  the same temperature. A s  the  r e su l t  of changing the 

specif ic  pressure i n  the hot pressing, specimens with a porosity ranging from 

0.3 t o  15% were obtained. 

of the al loy specimens were annealed a t  750°C prior t o  tes t ing.  

investigations of X-ray patterns, a l l  of the annealed a l loy  specimens, regard- 

l e s s  of t h e i r  porosity, had the same linewidth (331), within the l imi t s  of 

experimental error.  

The Cu-A1 a l loy  (10 a t .  $) was prepared by s inter ing a t  500°C, 

So as t o  equalize the structure of the material, a l l  

A s  shown by 

3. The porosity dependence o f t h e  hardness of metal ceramic copper 

s intered a t  different  temperatures i s  shown i n  figure 1. It i s  apparent t ha t  

t h i s  dependence i s  approximately l inear  and i s  i n  good agreement with the re-  

s u l t s  of reference 2. 
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Figure 1. Dependence o f  the Vickers Hardness of 
Metal Ceramic Copper on i t s  Porosity. 

The numbers give the  s inter ing temperatures. 

However, l inear  extrapolation t o  zero porosity gives hardness values cor- 

responding t o  the hardness of cast  material only for  copper sintered a t  8 5 0 0 ~ .  

I n  a l l  other cases, as opposed t o  reference 2, extrapolation yields much higher 

values. The probable explanation for  t h i s  i s  the par t icular  mode of hardness 

(and compression) tes t ing,  which was not sensit ive t o  the pores as s t r e s s  con- 

centrators.  Nevertheless, as the f i g u r e  shows, the hardness method i s  highly 

sensit ive t o  changes i n  both the pore content and the structure of the material. 

The slope of  the l ines  depends on the s inter ing temperature: the lower the 

temperature, the greater the slope. The tendency seems t o  be f o r  the  l ines  t o  

in te rsec t  i n  some porosity interval ,  i n  other words with a very high pore con- 

ten t ,  materials sintered a t  high rather than low temperatures out t o  have the 

greater hardness. The dependence of the l i D e  slope on the s inter ing temperature 

i s  evidence t h a t  repeated pressing and s inter ing a t  the same temperature does 

not r e a l l y  make it possible t o  obtain perfectly ident ical  structure i n  the 

material  or, probably, the same porosity character. A s  already noted i n  r e f -  

erence 11, a t  low sinter ing temperatures repeated pressing leads t o  additional 

granulation of the crystals ,  as  a resu l t  of which the number of v i s ib le  
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ref lect ions i n  the Debye powder patterns decreases ( f ig .  2) .  

pendence of  the hardness of Cu-A1 al loy also turns  out t o  be l inear .  

The porosity de- 

Figure 2. Dependence of the Number of Reflections i n  the Debye Powder 
D i a g r a m  Lines (331) and (420) on the Number of Repeated 

Pressings and Sinterings a t  Various Temperatures. 

Figure 3. Dependence of the True Flow Stresses i n  Cu-A1  Alloy 
(10 a t .  %) on the Porosity with 5, 10 and 30% Strains 

(curves 1, 2, 3, respectively). 

The porosity dependence of the t rue flow stresses  i n  Cu-A1 a l loy for d i f -  

A s  i n  the hardness t e s t s ,  the mechanical fe ren t  s t r a ins  i s  shown i n  figure 3. 

properties depend l inear ly  on the porosity over the en t i re  investigated range of 

porosit ies.  The compressive strength of the al loy containing 0.3-0.5s pores a t  

30% s t r a i n  amounts t o  64 kg/m 2 ; the cast  alloy, with the same s t ra in ,  has a 

lower flow s t ress ,  amounting t o  no more than 50 kg/m' ( ref .  12). 
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The slope of the l ines  i s  s l igh t ly  (yet enough t o  be perceptible) dependent 

on the s t ra in .  Evidently, t h i s  i s  caused by the f a c t  t ha t  as the pore content 

i s  increased the actual s t r a in  diminishes. 

will also be less ,  but t h i s  has t o  be manifested as a cer ta in  reduction i n  the 

flow stresses .  

The gain i n  strength i n  t h i s  case 

A s i m i l a r ,  i n  other words l inear ,  behavior i s  exhibited by the porosity 

dependence of the t rue  f l o w  s t resses  i n  the case of copper. 

I n  summary, the resu l t s  of t h e  present study show tha t ,  although the 

mechanical properties of a material with a low pore content may surpass the 

corresponding properties of the cas t  material due t o  s t ructural  features,  the 

dependence of these properties on the porosity remains l inear ,  as before. 
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